Millipore's Milli-Q water purification system (Barueri, Brazil). The HPLC analyses were performed in a Shimadzu SPD-M10A chromatograph with a diode-array detector and a Shim-Pack C-18 column. The antioxidant activity and total phenolic compound analyses were performed in a Shimadzu UV-1601 PC spectrophotometer (São Paulo, Brazil).
Physicochemical analyses
Total sugar content, pH, and titratable acidity were analyzed. All parameters were determined following the methodology described by the Ministério da Agricultura, Pecuária e Abastecimento (BRASIL, 2005) .
Determination of total phenolic compounds (TPC)
Total phenolic compounds were determined following the modification proposed by Kiralp and Toppare (2006) of the colorimetric method described by Singleton and Rossi (1965) . Therefore, the wine samples were diluted 1:10 in water.
Determination of flavonoid content
The flavonoid determination was performed by the indirect method using formaldehyde to precipitate those compounds, as described by Ough and Amerine (1988) .
Ten milliliters of the sample were added to 5 mL of aqueous solution of chloridric acid 1:4, and 5 mL of formaldehyde 37%. After a 24 hour standstill period, the sample was filtered through a 0.45 µm membrane and used for the determination of TPC. The flavonoid content was calculated as the difference of TPC and non-flavonoid compound contents. The results were expressed as gallic acid equivalents (mg.L -1 ).
Determination of tannin content
Tannins were quantified indirectly according to Valdés et al. (2000) . Ten milliliters of the sample were added to 40 mL of distilled water and 25 mL of gelatin 25%. Subsequently, 50 mL of an acidified saturated solution of sodium chloride 1% and 5 g of hydrous aluminum silicate were added, followed by a 30 minutes agitation period. After filtration through a 0.45 µm membrane, the solution was used for the determination of TPC. The tannin content was calculated as the difference of TPC and non-tannin compounds contents. The results were expressed as gallic acid equivalents (mg.L -1 ).
Determination of phenolic compounds by High Performance Liquid Chromatography
The chromatographic analyses of phenolic compounds were performed as previously described (MARASCHIN et al., 2003) . The preparation of the wine samples was performed as follows: 15 mL of ethyl acetate, 1 g% of sodium carbonate, and 5 mL of the wine sample were placed in test tubes flushed with N 2 . After 12 hours at a temperature of 4 °C and absence of light, the organic fraction was collected and the solvent was removed at 50 °C, followed by its solubilization in methanol: HCl 1%. The coronary heart disease. From a winemaking view, polyphenols act as antioxidants too, but they also contribute to wine's color, aroma, flavor, astringency, and bitterness (RODRÍGUEZ-DELGADO et al., 2002; NIKFARDJAM et al., 2006) .
The polyphenolic content depends on the grape variety, vineyard location, cultivation system, climate, soil type, vine cultivation practices, harvesting type, production process, and aging (DI MAJO et al., 2008) . In the grapes, these compounds are found mostly in the skin and seeds (RODRÍGUEZ-DELGADO et al., 2002) . When compared to other fruits, grapes are one of the major sources of phenolic compounds, but the great diversity between the cultivars results in grapes with different characteristics, such as color and flavor. This variance is associated to phenolic content and profile (ABE et al., 2007) . The profile of phenolic compounds is extensively studied in wines produced with Vitis vinifera grapes (GAMBELLI; SANTARONI, 2004; NIKFARDJAM et al., 2006; ALÉN-RUIZ et al., 2009; RASTIJA et al., 2009) , contrary to what is observed in common wines made from Vitis labrusca grapes (ABE et al., 2007) .
Phenolic compounds have been related to the antioxidant activity of red wines (ALÉN-RUIZ et al., 2009) . Antioxidants protect against free radicals, and are important tools in obtaining and preserving good health. Therefore, the antioxidant profiles of numerous compounds are frequently compared in order to indentify the most potent ones (ARTS et al., 2004) . However, some polyphenol classes have provided different results. According to Alén-Ruiz et al. (2009 ), Fernández-Pachón et al. (2004 , and Ghiselli et al. (1998) , the antioxidant activity is correlated to total phenolic compounds content. On the other hand, Katalinic et al. (2004) , show a correlation between antioxidant activity and flavonoid compounds only.
The present study aimed to analyze physicochemical parameters such as pH, titratable acidity, and total sugar content of the wines. Tannins, flavonoids, and total phenolic compounds were also quantified. The latter were identified and quantified by high performance liquid chromatography and their antioxidant activity was measured.
Materials and methods

Wine samples
Seventeen red wines from eleven wineries from the vintage years 2007-2008, made of Bordô (Ives) grape variety (Vitis labrusca L.), were analyzed. All wineries are localized on the northern metropolitan region of Curitiba, PR -Brazil. The wine samples are, henceforth, identified with letters followed by a number corresponding to the winery and vintage year, respectively.
Chemicals and analytical instruments
All solvents were HPLC-grade or analytical-grade and were obtained from Merck do Brasil and Sigma-Aldrich (São Paulo, Brazil). The HPLC standards were obtained from SigmaAldrich (São Paulo, Brazil). Purified water was obtained from a who worked with Vitis labrusca wines from three vintages obtaining values significantly higher than the ones presented in this study. On the other hand, the results are similar to those described by Lopez-Velez et al. (2003) and Woraratphoka et al. (2007) , respectively. The standard deviation values were large, which could be explained by the differences in grape variety, vinification technique, and storage time (MINUSSI et al., 2003) .
Observing the results presented in Table 2 , chlorogenic, caffeic, and syringic acids are the major phenolic compounds found in the four analyzed samples. Likewise, caffeic acid was one of the major compounds in Vitis labrusca wines analyzed by Arsego (2004) . On the other hand, Rastija et al. (2009) did not samples were centrifuged at 5000 rpm for 5 minutes and filtered through a 0.22 µm membrane. The injection volume was 10 µl.
The HPLC analysis utilized a mobile phase that consisted of water, acetic acid, and n-butanol (350:1:10) and a flow rate of 1.0 mL.min -1 . All compounds were detected at 325 nm, with exception to epicatechin, gallic acid, and tannic acid, which were detected at 280 nm. To the matter of compound quantification, calibration curves were constructed using 2.5, 5.0, 10, 25, 50, and 100 µg.mL -1 (r 2 = 0.99) of standard (Sigma-Aldrich, USA) phenolic acids (gallic acid, protocatechuic acid, chlorogenic acid, p-m-coumaric acids, syringic acid, caffeic acid, ferulic acid, t-cinnamic acid, and dicaffeoylquinic acid) and epicatechin (5.0, 10, 25, 50, and 100 µg.mL -1 , r 2 = 0.98).
Determination of antioxidant activity
The radical scavenging ability of the wines was determined using the method of Brand-Williams et al. (1995) based on the reduction of 2,2,-diphenyl-1-picryhydrazyl (DPPH) absorbance on λ = 515 nm.
In the absence of light, wine samples were diluted 1:40 with a solution of DPPH 0.06 mM. This procedure was repeated using a control solution (methanol 50% and acetone 70%, 1:1). Methanol was used as blank solution for the spectrophotometer calibration. The measurements were collected every minute until reaching absorbance stability. The results were compared to a calibration curve ranging from 10 to 60 µM DPPH and were expressed as percentage of oxidation inhibition and were calculated as shown by Equation 1.
Data analysis
Data matrix were created and box plot charts were made using Origin 6.1. Matlab 7.0.1 was used to perform Principal Component Analysis (PCA).
Results and discussion
Physicochemical parameters
Concerning to total sugar content, the common wines analyzed were classified as demi-sec (BRASIL, 1988) . This classification is confirmed observing Figure 1 (Figure 2 ).
Phenolic compounds determination and identification by High Performance Liquid Chromatography
Total phenolic compounds content of the samples ranged between 1582.35 and 2896.08 mg.L -1 (Table 1) , which are not in accordance with the results showed by Arsego (2004), 
Determination of antioxidant activity
The antioxidant activity has been reported as highly related to the phenolic compounds content in wine (GHISELLI et al., found chlorogenic acid and found caffeic acid only in 25% of the analyzed Vitis vinifera wines. Gallic, ferulic, and p-coumaric acids' mean values were found to be lower than those reported in literature for Vitis vinifera wines (LANTE et al., 2004; KALLITHRAKA et al., 2006; RASTIJA et al., 2009) . Croatian wines showed gallic and ferulic acids mean concentrations of 10.5 and 0.7 mg.L 
Flavonoids
The flavonoid content in the analyzed samples ranged between 947.03 and 2431.77 mg.L -1 , in agreement with Woraratphoka et al. (2007) , who found values between 1184 and 2647 mg.L -1 in Vitis vinifera wines. Flavonoid contents were slightly higher in the 2007 vintage with a mean concentration of 1780.01 mg.L -1 (Table 3) . The values presented a large variation probably due to differences in grape composition. Castillo-Sanchez et al.(2008) reported that different winemaking techniques can change the concentration of monomeric flavonoids by 20%, especially epicatechin.
Tannins
The tannin content in the analyzed wines ranged between 55.15 and 230.17 mg.L Results are expressed as mg.L -1 ± SD.Missed results are due to the absence of sample from the respective vintage.
1998; ARNOUS et al., 2002; KATALINIC et al., 2004 ) although a number of authors observed no relationship between them (FERNÁNDEZ-PACHÓN et al., 2004; DI MAJO et al., 2008; ALÉN-RUIZ et al., 2009 ). Therefore, this study focused on finding a relationship between these parameters. The antioxidant activity concerning to the 2007 and 2008 vintages showed percentages of inhibition within 1.74 and 88.37% (Figure 3) . Neither a pattern of antioxidant activity between the vintages nor a direct correlation between the antioxidant activity and phenolic compounds content could be observed. This could be seen in the results of the samples C08 and E08, for example. Sample C08 has a total phenolic compound content of 2187.30 mg.L -1 and provided an antioxidant activity a little higher than 60% of inhibition. In contrast, sample E08, which had lower total phenolic compounds content of 1725.21 mg.L -1 , showed a much higher antioxidant activity of almost 90% of inhibition.
Data analysis
The use of chemometrics is an interesting tool regarding the application of mathematical and statistical methods to chemical data (COZZOLINO et al., 2009) . Multivariate analysis was used to classify the wine samples according to the results they showed to antioxidant activity, titratable acidity, contents of total sugar, phenolic compounds, flavonoids, and tannins. In this context, the best known and most widely used variable-reduction method is the principal component analysis (PCA). Using this analytical tool, it was possible to explain 81.36% of total variance between the 17 wine samples studied. This was done through three principal components, PC1 explaining 42.94%, PC2 22.01%, and PC3 14.41% (Figure 4 ).
As observed in the fore mentioned results, the analyzed parameters are similar, regardless of the vintage. All of these parameters influence somehow the sample distribution on the PCA plot (Figure 4) . In this plot, phenolic compounds content and antioxidant activity are disposed far from each other, corroborating the lack of relationship between them.
Except for the tannin content, the selected parameters were not capable to differentiate the samples. This occurs, in part, due to the difficulty to visualize the position of the samples in a 3D plot. When looking through a bidimensional plot, PC2 as function of PC3 (Figure 5 ), two minor groups are suggested. The first one contains the samples C08, D07, M07, and O08, which present the highest values for sugar content and titratable acidity. The latter is formed by the samples B07, B08, and P08, which show the highest values for total phenolic compounds and flavonoid contents.
In the bidimensional plot, PC1 as function of PC3 (Figure 6 ), it is possible to visualize that the tannin content parameter dislocates the samples D07 and D08 away from the others, which is justified by the fact that these samples present the highest tannin content. It can be noted that both samples are originated from the same winery suggesting that the grapes had a great tannin content or the winemaking process improved the extraction of this compound (PÉREZ-SERRADILLA; CASTRO, 2008). , and were composed mostly of flavonoid compounds. Within the studied concentration range, no direct relationship between phenolic compounds and antioxidant activity was observed. Chlorogenic and caffeic acids were the major phenolic compounds found in the wine samples. Three principal components were capable of explaining 81.36% of the total variance. Among the studied parameters, emphasis is given to the influence of tannin content to differentiate the analyzed samples.
